Background: The burden of headache disorders, and of migraine in particular, is multifaceted and fragmented. The aim of this narrative review is to provide a description the main topics underlying the concepts of burden and impact of migraine disorders. Main results: MedLine has been searched for publications covering the period 1990-2018 dealing with the terms burden or impact of migraine, including both episodic and chronic migraine. The main results and themes are reported in a descriptive way, and were grouped by similarity of content into overarching categories. A total of 49 papers, published over 25 years , were retained for the qualitative analysis. Six main themes were identified: prevalence of migraine disorders, overall impact of migraine disorders, impact on work or school activities, family impact, interictal burden, and disease costs. Majority of included studies concluded that patients with migraine reported an higher burden or impact in one or more of the six main themes herein identified, compared to non-headache patients or to patients with tension-type headache, with a tendency towards worse outcomes consistently with higher headache frequency.
Introduction
The recent report from the Global Burden of Disease (GBD) 2015 Neurological Disorders Collaborator Group shows that a broad group of neurological disorders -i.e. a set of disease categories in which stroke, brain cancers, tetanus, encephalitis and meningitis were added to the usual set of neurological disorders -accounts for 250.7 million Disability-Adjusted Life Years (DALYs), i.e. 10.2% of global DALYs, and it increased by 7.4% in the last 25 years [1] . Based on Institute for Health Metrics and Evaluation's data, the same neurological disorders account for 85.6 million Years Lived with a Disability (YLDs) in 2015, i.e. 10.7% of global YLDs, that however increased by 55.2% (YLDs were 55.1 million in 1990) in the last 25 years [2] . The last 25 years, i.e. since the first publication of GBD-1990 GBD- in 1994 , enabled researchers to get to a core point in health policy making: being counted to count.
A considerable portion of the burden of neurological disease is due to headache disorders: data from GBD 2015 in fact show that tension-type headache (TTH) and migraine are the most common conditions and they account for 60.3% of YLD associated to brain conditions (respectively, 7.2 and 44.5 million YLDs in 2015). The considerable burden associated to migraine and TTH is connected to the huge prevalence of these conditions: in absolute terms, it has been increasing in the last decades, but when addressed in terms of age-standardized rates, it seems to be basically stable or moderately declining [4] . The same happens when YLDs are taken into account: they increased in absolute terms, but are basically stable in terms of age-standardized rates.
Taken as a whole, these data suggest that reducing the burden of headache disorders, and of migraine in particular, should be a primary objective for health policymakers: however, what should policies aim to, for reducing burden of migraine, is still a matter of debate. In fact, dealing with the "natural" within-person variation in migraine headache frequency, which is the fundamental driver of the instability in diagnostic classification for episodic and chronic migraine (EM and CM) [5] [6] [7] [8] is inevitable. As a consequence, addressing the impact of migraine disorders is made difficult by the intrinsic nature of migraine headaches, and by issues connected to the daily tasks patients carry out and that can be to different extents impaired by migraine headaches: patients may in fact be limited in their daily life functioning during ictal phases, and able to perform daily duties with higher capacity during interictal ones (although the presence of an interictal burden in migraine has been shown [9, 10] ). The debate on which domains or daily life are mostly affected by migraine headaches is therefore not easy to address and needs further studies. The most used disability measure in migraine, the Migraine Disability Assessment (MIDAS), includes questions on work, homework and leisure time [11] . However, each of these macro-areas -and the work-related ones in particular -are constituted by several sub-components dealing with specific activities connected to body movements (e.g. lifting objects, walking or driving) as well as skills connected to communication and entering into relation with others [12] [13] [14] . These difficulties clearly depend on migraine features, in terms of frequency as well as of symptoms severity, but are also highly dependent on several person-level features, e.g. patients' lifestyle, and on the features of their jobs and of the environment in which they live. Furthermore it cannot be forgotten that the burden of headache disorders, and of migraine in particular, is also an economic burden, where work-related costs also due to absenteeism, presenteeism and reduced productivity constitutes most of the economic impact [15] [16] [17] [18] [19] .
It can be therefore concluded that the burden of migraine is multifaceted and the lack of clear information on the different aspects of migraine burden may produce fragmented research results: this, in turn, may hinder the identification of intervention target and, as a consequence, limits the effectiveness of public health policies. In fact, on one side, patients enrolled in different studies are generally asked questions on few domains, such as those included in MIDAS: therefore our notion on the impact of migraine from the patients' perspective is limited to few domains. Parallel to this, studies strictly addressing migraine burden rely on YLDs and DALYs, and eventually on direct and -more rarely -on indirect disease's costs: in these cases the perspective is not patient-centred, but society-centred. To the best of our knowledge, no study has addressed the question "what is practically behind the concept of burden" and, to enhance our ability to identify future research and policy targets, we need to understand what for migraine is behind the "D" of YLDs and DALYs. The aim of this paper is therefore to provide a response to such a question by addressing the existing literature jointly dealing with the impact and burden of migraine disorders. To pursue this objective, we performed a revision of the literature, relying on a narrative approach, to describe the main topics underlying the concept of burden and impact of migraine.
Methods
We revised scientific literature published since 1990 onwards, and searched for publications dealing with impact and burden in episodic and chronic migraine by searching on MedLine. We selected 1990 as start of search because the first GBD study was referred to 1990, and the beginning of the 90s is the period in which the World Bank commissioned the first GBD study [3] . We searched in manuscript's titles and abstracts for the term "migraine" and the terms "impact AND burden". We went through abstracts and excluded records not dealing with the topic or with EM or CM, dealing with mixed populations (e.g. studies addressing the burden due to migraine comorbidity in patients with other conditions, or studies addressing burden of headache disorders in general), not in English or without abstract. When we moved to full-text analysis we excluded studies that were out of topic, that did not report extractable data (e.g. commentaries, editorial or conceptual papers, papers reporting data in a poor-quality way or papers reporting prevalence-based estimates) and studies on populations with mixed headache disorders: in the case of mixed studies, however, we retained papers when data were presented separately, so that they could be clearly referred to EM or CM.
We relied on a narrative approach to analyze and report our results. Therefore, rather than relying on pre-defined concepts, we addressed the main results and themes covered by selected manuscript in a descriptive way and grouped them into overarching categories by similarity of content according to Popay's guidelines on how to analyze narrative reviews [20] . Once these main themes were identified, we addressed the trend over time of each theme and reported the core results. Therefore, the qualitative synthesis is a summary of the way in which our research question, i.e. the description of the main topics underlying the concepts of burden and impact of migraine, have been addressed in the literature.
Results
Our initial search retrieved 154 records, of whom 49 were retained for the qualitative analysis [9, 13, 14, 17, and were published over 25 years (1994-2018) . Six main themes were identified: prevalence of migraine disorders; overall impact of migraine disorders; impact on work or school activities; impact on family life; interictal burden; disease costs. Table 1 reports the main results from selected papers and the main themes across them, Fig. 1 shows the percentage of themes' recurrence across publications and Fig. 2 shows the trend over time for these themes using cumulative frequencies: this enables to appreciate the presence of a consistent growth gradient for the themes "overall impact of migraine disorders" and "impact on work or school activities" since 2010 onwards.
Prevalence of migraine disorders
Information on EM and CM prevalence was reported in 19 studies [17, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Based on these studies, prevalence of EM was reported between 7.9% in France [34] and 25.2% in India's Karnataka State [23] , and it peaked up to 42% in a selected sample of young-age women [32] ; prevalence of migraine disorders with monthly frequency higher than 15 days (irrespectively of the presence of Medication Overuse Headache -MOH -or of probable MOH) was reported between 1.2% in India's Karnataka State [23] and 6.1% in Brazil [24] . Among pediatric populations, prevalence of EM was lower, i.e. between 9.2% [29] and 10.6% [38] .
Overall impact of migraine disorders
Overall impact of EM and CM was the most common theme, as it was reported in 31 studies [13, 17, 21-23, 25, 26, 30, 32, 36, 37, 39-59] . In most of these studies, impact was addressed using disability measures, e.g. the MIDAS [11] or the Headache Impact Test (HIT-6) [66] , and quality of life (QoL) measures, e.g. the 36-item Short Form Health Survey (SF-36) [67] or the Migraine-Specific Quality of Life Questionnaire (MSQ) [68] . Overall, results based on a MIDAS-like approach, i.e. on the division between days with limitations in work, household tasks and leisure time activity, show that most of limitations are referred to days with reduced household and leisure activities rather than to the work-related ones [17, 21, 22, 25, 43, 44, 46, [52] [53] [54] . All studies in which patients with migraine were compared to those with TTH, or to non-headache patients, showed that people suffering of migraine had worse disability or QoL, and that higher headache frequency was associated to worse health status [13, 17, 25, 26, 30, 43, 48, 50-53, 55, 58] . Less common topics include the impact of menses-related migraine, which is associated to higher disease burden [45] , and to the impact of multimorbidity status: in this manuscript, patients with two or more comorbidities were shown to have a higher disability and lower QoL compared to those with one or no comorbidities [40] .
Impact on work or school activities
The impact of EM and CM on work or school activities was the second most frequent theme, and it was reported in 22 studies [14, 17, 21, 22, 25, 34, 37-41, 43, 47, 48, 54, 55, 58-62] . Two papers were on limitations in school-related activities [38, 48] : the first showed that 10.6% of school-aged children suffer from migraine and that they missed on average 4.1 school-days per year; the second paper reported that almost half of students suffering from migraine reduced or missed some school-days, and that their parents too missed some workdays to care for their children with migraine.
The majority of studies (20 out of 22) were on migraine impact on work productivity. In 15 studies, sufficient information to calculate three-month lost productive time, defined as one unit for each full workday lost and half unit for each day worked with reduced productivity, was available: on average patients with migraine lost between 3.2 and 89.2 work-equivalent days per year, on average 10.2 days. Most relevant reduction is due to presenteeism: in fact, on an annual basis, patients lost on average 4.4 workdays, but worked with reduced productivity for further 11.4 days.
In addition to these common issues, one paper showed that patients reporting higher difficulties in work-related tasks also show problems in tasks unrelated to work, thus addressing the issue of pervasiveness of migraine on different life domains [47] . Finally, a recent publication presented the validation of the HEADWORK questionnaire, a new instrument specifically developed to address limitations in work-related activities and the factors contributing to these difficulties [39] . HEADWORK questionnaire has good metric properties and the validation study showed that higher work-related difficulties are associated to headache frequency, pain intensity, perceived productivity reduction, female gender and CM status (vs. EM).
Impact on family life
The impact of migraine disorders on family life was reported in five studies [17, 48, 54, 56, 63] with quite heterogeneous results. Family burden was in fact shown to increase consistently with increased migraine headaches frequency [17] , and most of the limitations reported by patients were referred to caring for and dealing with their children [56] . Two papers focused on the burden of being a caregiver of a person with migraine: in the first it was shown that being a partner of a migraineur has moderate/strong impact on family life and leisure time [54] ; in the second, it was shown that caregiving for children with migraine was associate to parents' reduced workforce participation [48] . Finally, the last paper was on the development of the scale Impact of Migraine on Partners and Adolescent Children (IMPAC), which showed good metric properties and addresses the impact of migraine on family activities in general, on relationships with partners and on relationships with children [63] .
Interictal burden
Interictal burden was described in three studies [9, 17, 64] , that reported complementary results. Interictal burden was in fact shown to increase consistently with increased migraine headaches frequency [17] and, in fact, it was reported by 10-26% of EM patients and by 29-41% of patients with probable MOH [9] . With regard to the "content" of the term interictal burden, the third paper showed that, during interictal phases, migraine patients spent relatively less time being active compared with healthy controls and, when active, their overall personal mobility level was lower and they also reported higher sleepiness and lower vigor [64] .
Disease costs
Finally, EM and CM costs were reported in eleven studies [27, 34, 35, 41, 44, 49, [59] [60] [61] [62] 65] covering the period 2001-2017. Within these studies, several differences in the total cost were shown, which are likely due to the type of cost structure adopted in each study, i.e. focusing on direct costs rather than on both direct and indirect ones, as well as of the year in which the survey was carried out. In general, studies addressing both EM and CM show that the costs of CM are three to four-fold than those of EM. The most recent US-wide study shows that total cost of EM was 2649$/year, and that the cost of CM was 8243$/year: in this study, 60-64% of migraine costs was due to direct medical ones [40] . The most recent Europe-wide study showed that the average direct cost of EM was 746€/year, and that those of CM were 2427€/year [49] . The majority of these studies are based on population polls, but there are two recent exceptions to this, both referred to clinical samples of Italian patients. The first study addressed direct healthcare costs only and showed that direct healthcare cost of EM was 521€/year, while that of CM was 2250€/year [44] . In the second study, patients with CM and MOH were enrolled at the time-point of structured withdrawal in a headache center, i.e. whey they have the worst clinical situation and, probably, the highest costs: the estimated one-year CM costs were 10,730€, and approximately 39% of that cost (i.e. around 4185€) was indirect [59] .
Discussion
The fact that headache disorders, and migraine in particular, are burdensome conditions has been repeated so frequently in research papers to the point that such a kind of a statement is a sort of "starting point" in several papers. The results of this narrative review show that the meaning of a sentence like "migraine is a burdensome condition" is not univocal. Rather, there are at least six main themes that have been associated to the broad concept of burden and impact of migraine: prevalence of migraine, its overall impact (mostly defined as reduced QoL or disability), impact on work or school activities, impact on family life, interictal burden and disease costs. The issue of high prevalence of migraine is of great epidemiological relevance and it is a "strength" when its burden has to be compared against other diseases. In fact, the 2010 version of the European Brain Council paper on "Cost of disorders of the brain in Europe" showed that headache disorders were the less costly and more prevalent conditions [15] , and migraine, in terms of associated disability expressed with YLDs, was ranked at the second place after low back pain, being responsible of 5.6% of all YLDs, but it ranked first among the subgroup of people aged 50 years of less [69] , i.e. the age group deeply involved into family and work duties.
It is therefore not casual if themes such as impact on work or school activities and impact on family life are of increasing interest. In fact, in the last decade the presence of such themes in available research on the impact of migraine is more than doubled, and condition-specific assessment instruments for detecting migraine impact on work and family life (i.e. the HEADWORK questionnaire [39] and the IMPAC scale [63] ) have been developed in the last two years. These new assessment instruments have the potential to make a difference in the way in which these themes will be represented in future research, similarly to what happened for overall impact, which was the most reported theme. In fact, the three most commonly used assessment instruments for addressing disability and QoL, i.e. the MIDAS [11] , the HIT-6 [66] and the MSQ [68] were published between 1999 and 2003, with the result of a relevant increase in the production of evidence connected to the theme "overall impact".
The issue of interictal burden received less attention so far. We hypothesize that the reason for this lies in one of the core features of EM, i.e. its episodicity: in fact, by definition migraine headache attacks last 4-72 h, which might have led researchers to focus on the reduction of functioning during attacks. Conversely, in the case of CM, the interictal periods may be considered of lower relevance since patients spend the majority of time (i.e. 15 or more days per month) in ictal phases. In recent years, the importance of interictal phases in migraine has been increasingly recognized, mostly in basic-science covering vascular, neurophysiological, neuropsychological or neuroimaging aspects of migraine [70] [71] [72] [73] [74] . However, the fact that migraine may impact on patients' lives also during interictal phases has been shown [9, 10] , and the importance of being a migraine sufferer also during interictal phases is witnessed by some items of the MSQ questionnaire, such as item 1 (How frequently have migraines interfered with how well you dealt with family, friends and others who are close to you?) or item 9 (How frequently did you need help in handling routine tasks such as every day household chores, doing necessary business, shopping, or caring for others, when you had a migraine?). Despite this, the burden and impact of migraine during interictal phases is still neglected and deserves more research.
Migraine cost is a relevant and complex public health issue as it requires a broad knowledge of the impact of migraine not only on direct healthcare costs but also on indirect ones, i.e. those connected to reduced ability to work, as well as on other "intangible" aspects, such as the time spent searching for proper care or the time taken away from one's own family duties. Since 1999, with the publication of the MIDAS as a disability measure [11] , attention has been given to both lost workdays (absenteeism) and to days worked with reduced productivity due to migraine (presenteeism). Our analysis shows that the economic impact of migraine, a disease usually affecting people in the productive age, is mostly due to presenteeism rather than to absenteeism: in fact, the overall number of days with reduced productivity is approximately 2.6 fold the entire number of lost workdays (4.4 vs. 11.4), as reported in some of the studies herein included [34, 40, 59, 61, 65] . However, defining the total costs of migraine on the basis of the literature herein collated is problematic for three main reasons. First, studies have been published in different periods, and therefore the comparison between costs incurred in different time points of data collection and present costs is problematic. Second, different studies used different approaches to the definition of costs (i.e. relying on pre-defined and more or less precise cost categories for drugs, hospitalization, diagnostics and so on), and in some occasions focused on few aspects only: for example, some studies addressed only a portion of direct healthcare costs, such as drugs and diagnostic procedures [44, 49] . Finally, our specific search was not on migraine costs, so some relevant studies might have been excluded. It has to be acknowledged that, in the majority of cases, the main results of the studies included in our narrative review can be summed up in few words. In general, patients with migraine reported an higher burden or impact, defined with one or more of the six main themes herein identified, compared to non-headache patients or to patients with TTH, with a tendency towards worse outcomes consistently with higher headache frequency. The themes we identified have been differently studied and reported throughout the years, and some may be of higher importance in the future: in particular, we believe that the two themes impact on work-related activities and impact on family life should be expanded in future research for the following reasons. First, prevalence data show that migraine mostly affects people of working age, and women in particular: therefore the two themes impact on the core of professional and personal life of most of migraine patients, with women in particular being at risk of carrying a "double burden". Second, there is a direct connection between the impact of migraine on work-related tasks and reduced productivity, but the degree of such association is still to be verified. Disease-specific questionnaires for the evaluation of migraine impact on work-related tasks, like HEADWORK, might be used to produce reliable work-related disability weights in studies evaluating the burden of EM and CM. These weights could then be exploited for producing reliable estimates on the burden and costs of migraine. The issue of impact of migraine on employment (and vice-versa) is an open one due to the amount of information that is still needed to understand how to support people with migraine in the workplace. This is of importance in consideration of the changes in labor market, e.g. the increasing relevance of smart working and flexibility in time and places, which will give a different meaning to labor policies aimed to promote work maintenance of people with chronic conditions like migraine. Third, an indirect connection exists between the impact on family life, of patients as well as of their family members, and several other themes, such as interictal burden and reduced QoL but also disease costs. In fact, as also shown in some of the papers included in our narrative review, living with a migraine sufferer -either an adult or a child -might impact on work duties of caregivers and increases the burden due to caregiving activities [48, 54] . Caregiving for migraine patients is still a neglected issue but it can be easily understood that if a person, especially an adult, is unable, during and between headache attacks, to carry out daily household chores due to migraine, someone will have to take care of these activities. Such an aspect of migraine burden is considered as "intangible", but it is actual to patients and their family members like other aspects are, and it could be expected that it is a driver of reduced QoL in patients and relationship satisfactions in partners. Some limitations need to be acknowledged in the interpretation of our results. First, our review cannot be considered as a systematic one and does not purports to be systematic: we limited our scope to few selected keywords that we believed could be the most representative terms. It is clear that focusing much more on issues such as disability and QoL, or using some of the terms that we could reasonably expect to underline burden concept (e.g. the terms "interictal" or "prevalence") within the search strategy, would have led to more studies. Such a procedure, however, would have implied a pre-definition of terms, thus contrasting the idea of looking for the way in which burden is conceptualized in migraine research. Future reviews, in which a systematic approach is employed, could be carried out to address the coverage or these themes in literature as well as the consistency of results. Second, although the corresponding authors were contacted by e-mail, two papers could not be found and, more in general, we cannot be sure that all relevant articles were included. Third, we relied on MedLine only for our search strategy, which has potentially hampered the scope of our narrative review. We made this choice with the aim of reducing the amount of records in which clinical descriptions of participants to studies are based on self-reported diagnoses: considering how common headache disorders are, the possibility that patients incorrectly self-identify themselves as having migraine instead of other headache is concrete.
Conclusions
In conclusion, we performed a narrative literature review aimed to identify the most common topics underlying the concepts of burden and impact of migraine, and selected 49 papers covering 25 years. Six main themes were identified: prevalence of migraine disorders, overall impact of migraine disorders, impact on work or school activities, family impact, interictal burden, and disease costs. In general, results show that patients with EM or CM reported an higher burden or impact compared to non-headache patients or to patients with TTH, with a tendency towards worse outcomes that is consistent with headache frequency.
Future research should focus much more on impact on work-related activities and on family life, including the issue of caregiving. The main reasons lie in the following: a) the epidemiology of migraine, which mostly affects people in the period of family caring and professional achievements; b) the direct connection between impact on work-related tasks and reduced productivity, which has an impact on disease costs, and is of importance in consideration of "new" labor market features (e.g. short time contracts, and smart working), that will give a different meaning to labor policies aimed to improving inclusion, work ability and employability of people with migraine; c) the connection between impact on family life and several other themes, such as interictal burden, reduced QoL and disease costs. Specific assessment instruments for these topics, such as the HEADWORK questionnaire [39] and the IMPAC scale [63] have recently been developed and should be implemented in research to enhance our understanding of the migraine burden.
A better understanding of the issues behind migraine burden could translate into a change in the primary policy framework of interest for patients with migraine, namely the welfare and health systems. The first should provide support to this large amount of population by enhancing welfare policies, such as employee management, sick leave and time off compensation schemes. The health sector should instead deliver services that not only deal with proper diagnosis and care but also with occupational health, such as the creation of safe and healthier work environments. This grant was provided to Springer Healthcare IME who organized the symposium and all of the enduring materials. Three of the articles in this thematic series were developed from content presented at the symposium. Eli Lilly were not involved in the planning of the thematic series, the selection process for topics, nor in any peer review or decision-making processes. The articles have undergone the journal's standard peer review process overseen by the Editor-in-Chief. For articles where the Editor-in-Chief is an author, the peer review process was overseen by one of the other Editors responsible for this thematic series.
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